) mice. By comparing Col4a3
Ϫ/Ϫ Alb Ϫ/Ϫ mice with Col4a3 Ϫ/Ϫ mice, they elegantly demonstrated how the absence of albumin ameliorates inflammation, tubulointerstitial fibrosis, and glomerulosclerosis. These changes were associated with decreased transforming growth factor (TGF)-␤ signaling activity as well as reduced kidney injury molecule-1 and desmin expression.
It is important to note that Alb Ϫ/Ϫ mice do not exhibit a strong phenotype besides hyperlipidemia. It is even more intriguing that albumin deficiency has been observed in humans. Despite albumin being one of the most abundant protein in the bloodstream and decreased serum albumin levels being associated with the accumulation of extracellular fluid in disease states, albumin-deficient humans appear to survive to adulthood without obvious abnormalities but are not completely protected from glomerular disease. The findings reported here were recently confirmed in another study (8) and introduce Alb Ϫ/Ϫ mice as a new research tool for studies on albumin biology and its role in disease.
The observations presented by Jarad et al.
(4) that Col4a3
Ϫ/Ϫ Alb Ϫ/Ϫ mice show fewer globally sclerosed glomeruli and less tubulular interstitial fibrosis but similar numbers of segmentally sclerosed glomeruli suggests that albumin may rather be an accelerator than the initiator of the glomerular changes. On the other hand, GBM and podocyte structures as well as podocyte number were ameliorated in Col4a3
Ϫ/Ϫ compared with Col4a3 Ϫ/Ϫ Alb wild-type mice. The discoveries of human mutations as well as genetic studies in mice on the role of GBM components in AS from the authors and others support essential roles for the GBM in glomerular permselectivity and normal podocyte function (6, 9) . This hypothesis postulates that the GBM limits the access of albumin to podocytes and Bowman's space and that defects in the GBM lead to albuminuria and increased exposure of podocytes to albumin. The findings of amelioration of glomerular damage in albumin-deficient mice could suggest that albumin alters the permselectivity of the GBM and thereby contributes to progressive GBM dysfunction. This may share some commonalities with extracellular nucleotides, which increase glomerular permeability to albumin by rearrangement of the podocyte actin cytoskeleton preceding increased urinary albumin excretion (5). Blockade of the renin-angiotensin system using angiotensin-converting enzyme inhibitors or angiotensin receptor blockers not only slows the progression of diabetic nephropathy and other glomerular disease but also reduces albuminuria. Furthermore, renin-angiotensin system blockade ameliorates podocyte damage and loss, which has recently also been described in patients with AS (10) .
But how can lack of albumin ameliorate podocyte stress or damage? Lack of albumin may simply lead to decreased mechanical stress or albumin could interfere with sensing of GBM components by podocytes, which is already impaired in AS (3). In addition, albumin impairs retinoic acid (RA)-induced differentiation of renal progenitor cells into podocytes (7) by sequestering RA in a mouse model of focal segmental glomerulosclerosis. Treatment with RA reduced proteinuria and increased podocyte numbers. Moreover, podocyte stress can be promoted via free fatty acids bound to albumin (2) . Furthermore, decreased TGF-␤/Smad signaling has been detected in podocytes and tubular epithelial cells of Col4a3
Alb
Ϫ/Ϫ mice, suggesting interference with TGF-␤/Smad signaling, which promotes tubulointerstitial fibrosis and podocyte stress induced by albumin (1). Thus, albumin may be an extracellular amplifier of TGF-␤ signaling activity, but the underlying mechanisms remain to be determined.
This study suggests that during AS and possible other glomerular disorders, albumin represents not only a marker but also contributes to the progression of glomerular disease. The findings not only raise many very interesting questions but also provide a tool to experimentally test them and gain novel insights into the mechanistic role of circulating albumin in kidney disease, which may lead to novel therapeutic strategies to delay the progression of glomerular disease.
